Introduction
============

Noninvasive mechanical ventilation (NIMV) is a gold standard intervention for acute respiratory failure (ARF) in patients with acute exacerbation of COPD.[@b1-copd-11-1151] With advances in technology and experience, NIMV is more applicable outside of the intensive care unit (ICU) for these COPD patients.[@b2-copd-11-1151] Psychological and economic conditions alike and the limited number of ICU beds conduce NIMV application outside the ICU.[@b3-copd-11-1151] Many studies have reported the use of NIMV in general wards for COPD patients and other diseases.[@b2-copd-11-1151],[@b4-copd-11-1151],[@b5-copd-11-1151]

NIMV application outside the ICU remains controversial, especially considering the risk in patients with pH\<7.30 on the arterial blood gas (ABG) analysis for COPD.[@b6-copd-11-1151] There are only a few studies published about NIMV application in these risky patients in the ward.[@b7-copd-11-1151],[@b8-copd-11-1151] The concept of safety has been poorly notified. Furthermore, NIMV can have a very high failure rate and a delay in ICU transfer or tracheal intubation should be avoided.[@b2-copd-11-1151] The amount of data about safety and efficacy of NIMV applied outside the ICU is limited. However, due to shortage of ICU beds, NIMV can be initiated outside the ICU for COPD patients with very severe respiratory acidosis.

The aim of this article was to define our "real-life" retrospective analysis surrounding the use of NIMV for COPD patients who were hospitalized after admission to the emergency unit with very severe acidosis. In this study, we evaluated the relationship between the severity of ARF, according to the pH value, and NIMV failure in the COPD patients followed up at the pulmonary ward. Furthermore, we also defined the differences of long-term mortality in patients according to the discharge place and the pH value on admission.

Patients and methods
====================

Study design, setting, and population
-------------------------------------

The study was designed as a retrospective observational cohort study in a tertiary teaching hospital for chest diseases and thoracic surgery center between June 1, 2013 and May 31, 2014. The study was approved by the local ethics committee of Kartal Lutfi Kırdar Teaching and Research Hospital, Istanbul, Turkey (89513307/1009/316). Ethical approval was obtained in accordance with the Declaration of Helsinki. Due to the retrospective nature of this study, we did not obtain patients' consent for our study; however, during hospital procedure, all treatment and medication were done after obtaining informed consent of the patients.

### Patients

We included patients with previously diagnosed COPD who had been admitted to our emergency department (ED) due to ARF.[@b9-copd-11-1151] The previous diagnosis of COPD was established by a pulmonary physician who evaluated airflow obstruction on spirometry, ie, forced expiratory volume in 1 second (FEV~1~) of 70% predicted or less, and an FEV~1~ and forced vital capacity (FVC) ratio (FEV~1~/FVC) of 70% or less.[@b1-copd-11-1151] Spirometry test data were not recorded from the patients' charts.

Patients were excluded on the basis of the following criteria: 1) presence of metabolic acidosis, 2) presence of malignancy, 3) pH outside of the desired range, 4) not admitted to the ward (ICU, discharged from the emergency room), or 5) died prior to transfer from the ER ([Figure 1](#f1-copd-11-1151){ref-type="fig"}).

The study center is the Chest Diseases and Thoracic Surgery Teaching Hospital with large beds (n=605). The ED was operated 24 hours by one chest specialist physician with support from two pulmonology residents, and the nurse:patient ratio was 1:4. Portable monitoring was available with continuous oximetry to monitor heart rate and arterial blood pressure. At the ICU setting, the intensivist/pulmonologist was available 7/24 hours. In the ward setting, all patients received NIMV in the respiratory ward staffed by nurses who were experienced in the application of NIMV, with a nurse:patient ratio of 1:8 during the day shift and 1:11 during the night shift. All ward staff nurses were provided training in NIMV at regular intervals by intensivists in our center. One chest specialist and one assistant were available on duty for the ward patients. If the patient's condition deteriorated, the doctor on duty was approached to receive an opinion. The ABG values of patients with NIMV were also controlled by the duty doctor at regular intervals. The decision to intubate the patients was taken by the chest specialist.

Bronchodilator and anti-inflammatory treatment at the emergency room and on the ward
------------------------------------------------------------------------------------

A short-acting β~2~ agonist (salbutamol, 100 µg per puff) and ipratropium bromide (100 µg/20 µg per puff) were given every 2--4 hours (4--10 puffs) via a metered dose inhaler chamber (Aerovent, Altech^®^; Altera Firm, Izmir, Turkey) when the patients were under NIMV. A nebular form of salbutamol (2.5 mg/2.5 mL per nebule) was given every 15 minutes for 4 hours, or ipratropium bromide/salbutamol (0.5 mg/3.01 mg/2.5 mL per nebule) was given every 2--4 hours. Long-acting β2 agonists were not used in the COPD patients with ARF in the ward. Intravenous methylprednisolone (40--60 mg) was given one to two times daily and steroid dose was tapered gradually and discontinued over 7--10 days. Methylxanthines (theophylline and aminophylline) were given 10 mg/kg daily, with a maximum of 300 mg daily. All patients received oxygen for COPD, as well as medication to treat the underlying cause of ICU admission or ARF and comorbidities, such as antibiotics and antiarrhythmia or anticoagulant therapies.[@b1-copd-11-1151]

The ABG sample is immediately obtained and the necessary medical therapy is initiated. NIMV is started if appropriate according to the ABG analysis results. ABG control is performed within 2 hours after NIMV application. According to this control result, the options (follow-up at the ICU, ward, or discharged home) are reviewed. Only patients who were admitted to the emergency room with respiratory acidosis and followed up at the ward were evaluated in this study ([Figure 2](#f2-copd-11-1151){ref-type="fig"}).

Data source
-----------

The data were gathered retrospectively from a password-protected database.

### Outcomes

The primary outcome was NIMV failure (transfer to ICU or death). The secondary outcome was the length of hospital stay. Long-term mortality was also considered.

### Primary exposure

Patients were grouped according to the pH values: group 1 (pH=7.20--7.25) and group 2 (pH=7.26--7.30) ([Figure 3](#f3-copd-11-1151){ref-type="fig"}).

### Additional covariates

The demographics were recorded, and ABG assessments were performed at the time of admission to the ED and on admission to the ward. The reasons for ARF, such as pneumonia, right heart failure from pulmonary embolism, and comorbidities including diabetes mellitus, arrhythmia (ie, atrial fibrillation), hypertension, congestive heart failure, coronary artery disease, and malignancy, were also registered. History of smoking, use of long-term oxygen therapy (LTOT), and long-term NIMV were recorded. The serum peak C-reactive protein (CRP) levels, the white blood cell count, hemoglobin, hematocrit, platelet, and biochemical parameters (glucose, creatinine, BUN, AST, ALT, sodium, potassium, albumin) at the ED and on admission to the ward were recorded. Application of NIMV, inspiratory and expiratory pressure values, type of mask, duration of hospital stay (days), and mortality rates were recorded.

### Definitions

Hypoxic ARF is defined as the ratio of the partial arterial oxygen pressure to the inspired fractionated oxygen (PaO~2~/FiO~2~) \<300 and the partial arterial carbon dioxide pressure (PaCO~2~) of \<45 mmHg. Hypercapnic/hypoxemic ARF is defined as PaCO~2~ \>45 mmHg and PaO~2~/FiO~2~ \<300, and hypercapnic ARF as PaCO~2~ \>45 mmHg and PaO~2~/FiO~2~ \>300.[@b6-copd-11-1151],[@b10-copd-11-1151] COPD exacerbation due to an infectious origin is defined by the presence of all three Anthonisen's criteria: worsening of dyspnea, increased volume of pulmonary secretions (endotracheal, sputum), and increased purulence of respiratory secretions.[@b11-copd-11-1151]

### Criteria for ICU admission

Unstable patients' hemodynamics (mean arterial pressure \<65 mmHg), clinical deterioration (respiratory rate \>40/min, use of accessory muscles of respiration, dependency on NIV with inability to remain off NIV for longer than two hours, moods get agitated, or incompatible mask), requirements for close monitorization of cardiac and mental function.

### Experienced ward

In our center, all physicians, nurses, and other health care staff were familiar with NIMV. Residents were well trained in respiratory ICU for management of NIMV. Ward staff were experienced as ICU staff. ICU nurses changed their work location from ICU to ward and vice versa. Each year one or two NIMV practical and theoretical courses for nurses and doctors were conducted by the ICU teaching team. For this reason, we used the term "experienced ward".

Mechanical ventilation
----------------------

Initially, NIMV was applied to all the COPD patients with hypercapnic respiratory failure, except when absolutely contraindicated. NIMV contraindications were defined as 1) absolute respiratory arrest and inability to fit the mask, and 2) relative, medically unstable (hypotensive shock, uncontrolled cardiac ischemia or arrhythmia, or uncontrolled copious upper gastrointestinal bleeding), agitation, uncooperativeness, inability to protect airway, impaired swallowing, excessive secretions not managed by clearance techniques, multiple (two or more) organ failure, and recent upper airway or upper gastrointestinal surgery.[@b12-copd-11-1151]

NIMV was provided routinely at the ED with a oronasal mask to all patients, and expiratory positive airway pressure was initially set at the level of 5 cm H~2~O and was increased by 1--2 cm H~2~O if needed to achieve an oxygen arterial pressure (PaO~2~) of 60 mmHg or lower or an SpO~2~ of 90% or lower. Inspiratory positive airway pressure was increased to 20 cm H~2~O with increases of 2--3 cm H~2~O to obtain a tidal volume of 6--8 mL/kg and a respiratory rate of 30 breaths/min or lower. NIMV was applied intermittently for periods of 1--4 hours, and ABG samples were obtained again in 2 hours. The definitions of NIMV failure in hypercapnic patients were no pH improvement, no change or a rise in breathing frequency after 1--2 hours, and lack of cooperation. For hypoxic COPD patients, failure was considered as none or a minimal rise in PaO~2~/FiO~2~ after 1--2 hours (\<200).[@b12-copd-11-1151]

Statistical analysis
--------------------

A descriptive analysis was performed to investigate the patient demographics and data. The groups were compared with the Mann--Whitney *U*-tests and the Student's *t*-tests for the nonparametric and parametric continuous variables, respectively. The chi-square test was used for the dichotomous variables. The median with interquartile range was employed for the nonparametric continuous variables, and the mean ± standard deviation was used for the parametric continuous variables. Counts and percentages were used when applicable. The Kaplan--Meier survival analysis was carried out to predict the long-term mortality in the patient groups after ICU discharge and according to the place where the patient was discharged from (ICU vs ward). A *P*-value \<0.05 was accepted as statistically significant. The SPSS-20 portable package program was used to perform the statistical analyses (SPSS v20.0; IBM Corporation, Armonk, NY, USA).

Results
=======

The patients' characteristics according to the study groups have been summarized in [Table 1](#t1-copd-11-1151){ref-type="table"}. Both groups had similar age, sex, smoking history, comorbid diseases, and reasons of ARF on admission to ER.

The baseline laboratory values have been demonstrated in [Table 2](#t2-copd-11-1151){ref-type="table"}. Both groups had similar complete blood count (CBC) and biochemistry results, except for the serum creatinine levels which were significantly higher in the severe acidotic group (*P*\<0.035). The baseline ABG results have also been summarized in [Table 2](#t2-copd-11-1151){ref-type="table"}. The oxygenation levels were similar among the groups, and pH was significantly lower, and the PaCO~2~ was significantly higher than those of the moderate acidotic group.

The control ABG values after NIMV treatment in the emergency room were similar in both the study groups ([Table 3](#t3-copd-11-1151){ref-type="table"}). The patients' last ABG and CBC results before being discharged home from the ward were also similar in both the groups. The outcomes of the patients are summarized in [Table 3](#t3-copd-11-1151){ref-type="table"}. The length of hospital stay, the rate of patients sent to the ICU, and the mortality rates were similar in both the groups. The delta pH values after NIMV application in the emergency room were significantly higher in the severe acidotic group (*P*\<0.001). NIMV intolerance was observed in 3.05% of the cases (seven patients). NIMV was ceased in 10.4% of the cases (24 patients) when their respiratory acidosis resolved.

The risk factors for NIMV failure at the ward were analyzed with the binary logistic regression test ([Table 4](#t4-copd-11-1151){ref-type="table"}). A PaO~2~/FiO~2~ ratio \<200 in the emergency room, a delta pH value \<0.30, and a pH value \<7.31 on control ABG after NIMV and peak CRP were found to be the risk factors for NIMV failure in COPD patients with ARF in the ward ([Table 5](#t5-copd-11-1151){ref-type="table"}).

After hospital discharge, 216 patients were followed up for 15 months and the Kaplan--Meier survival analysis was performed. Both groups showed similar survival curves (*P*\>0.23) ([Figure 4](#f4-copd-11-1151){ref-type="fig"}).

Patients who were referred to the ICU due to NIMV failure were also followed up. The comparison of their survival rates with patients discharged from the ward has been demonstrated in [Figure 5](#f5-copd-11-1151){ref-type="fig"}. Patients discharged from the ICU demonstrated significantly shorter survival rate than those discharged from the ward (*P*\<0.004).

Discussion
==========

The present study showed that COPD patients with severe acidosis admitted to the ED with ARF and treated with NIMV, regardless of the severity of acidosis, may be followed up in the inpatient ward if their pH values were \>7.31 in the first 2-hour control, whereas those with pH values of \<7.31 should be followed up in the ICU.

The optimal application site of NIMV is still a debate. In a prospective study carried out by Paus-Jenssen et al in Canada, NIMV was shown to have been initiated most commonly in the emergency unit.[@b13-copd-11-1151] In the questionnaire survey carried out by Burns et al, including many centers in Canada and the US, a similar distribution to Paus-Jenssen et al's results was found.[@b4-copd-11-1151] Schettino et al found in their prospective study, where they collected the data of 449 patients treated with NIMV in a center for a year, that in 1/5 of the cases, the NIMV was commenced in the emergency unit; in approximately half of them, in the ICU; and in 1/3, in the inpatient wards.[@b14-copd-11-1151] Interestingly, patients who were managed only in the emergency unit had the best results with a 22.6% rate of intubation and a 7.5% rate of mortality. In patients who were managed only in the ICU, the intubation rate was 49.4%, and the mortality rate was 28.4%. In patients who were followed up only in the inpatient wards, the intubation rate was 27.3%, and the mortality rate was 14.9%. Schettino et al contributed these results to the occurrence of different comorbidities at different stages of severity.[@b14-copd-11-1151] In our study, patients for whom NIMV had been commenced in the ED were included. In contrast to the other studies, because our hospital is a reference branch hospital, most of our patients were suffering from COPD with exacerbations, and they were evaluated by pulmonary disease specialists, and again, the indication of NIMV, the management of NIMV, and the decision of requirement for ICU were made by pulmonary disease specialists. Khalid et al reported that the application of NIMV by the Medical Emergency Team was safe.[@b15-copd-11-1151] The high rates of NIMV success in our study also show that NIMV application by experienced staff is safe in selected patients who present with exacerbation of COPD.

The patients with acute hypercapnic COPD were divided into two groups according to a random pH value of 7.25. Reference to this value was made according to the two published guidelines and according to a previous study suggesting that patients with acute COPD and a pH value \<7.25 have a significantly greater mortality compared to patients with a pH value \>7.25.[@b6-copd-11-1151],[@b10-copd-11-1151],[@b16-copd-11-1151] In the present study, on the contrary, the mortality rate was similar in both pH groups. These studies showed no differences between the two groups in terms of body mass index (BMI), age, frequency of prior use of LTOT, history of smoking, biomass exposure, COPD time, and comorbidity.[@b6-copd-11-1151],[@b10-copd-11-1151],[@b16-copd-11-1151] However, the severe acidotic group seemed to have a higher creatinine level than the mild acidotic group, suggesting a more acute presentation. Some studies have emphasized that the low pH level at the time of application is an indicator of failure of NIMV, and some studies have reported that a pH value \<7.25 could be an indicator for intubation and mechanical ventilation.[@b17-copd-11-1151]--[@b19-copd-11-1151] In addition, there are also studies reporting that the change in pH value is an indicator of success.[@b20-copd-11-1151] However, there is a higher number of studies reporting that the best indicator of success in NIMV is the response in the first 2 hours.[@b21-copd-11-1151] Our study supports that the best indicator is change in pH value after 2 h NIMV. Data from a multicenter study carried out in British respiratory general wards indicated that NIMV was probably successful if the pH and/or the PaCO~2~ improved after 1--4 hours.[@b22-copd-11-1151] Crummy et al found a high success rate of NIMV in the study they performed with a total of 36 COPD patients with severe and moderate acidosis.[@b8-copd-11-1151] They reported that with an hour of NIMV application, they observed a significant improvement in the pH level, and that these patients may be followed up outside of the ICU by experienced staff.[@b8-copd-11-1151] Poponick et al, in a study including COPD patients with congestive heart failure who presented with ARF, reported that the decision for intubation and mechanical ventilation should be made after NIMV follow-up, and that the most important parameters are pH and PaCO~2~.[@b23-copd-11-1151] In our study, we had better responses, as in other groups, in patients with severe acidosis after NIMV follow-up. Furthermore, the change in pH was found to be an independent risk factor for the failure, consistent with other studies. Our study showed that in both groups, approximately half of the patients using NIMV in their homes, presence of concomitant cardiac disease may contribute to the high success of NIMV. Furthermore, the relatively high creatinine levels in the severe acidosis group, without any statistical significance, may have resulted in more favorable response to NIMV in the severe acidosis group.

The only study that gives only one threshold value for pH level is the one by Merlani et al.[@b24-copd-11-1151] They reported the failure criteria as pH≤7.35 and respiratory rate ≥20 min^−1^ after 1 hour of NIMV application in their retrospective study where they evaluated 104 patients with ARF presenting to the emergency room, and they also reported that their patient population was heterogeneous and did not include a sufficient number of subjects for the subgroup analysis.[@b24-copd-11-1151] In Confalonieri et al's prospective cohort study, where they treated \~800 COPD patients, who were treated with NIMV, they determined four factors that they evaluated at the time of admission and after 2 hours, which they combined in a chart. In the chart which contains Acute Physiology and Chronic Health Evaluation (APACHE) II score, pH, respiratory rate, and Glasgow coma score, the most determining factor after 2 hours of NIMV was found to be pH; the riskiest group was found to be patients with pH value \<7.25 at the time of admission and after 2 hours of NIMV, and the lowest failure rate was found to be in the group with pH value \>7.30 and APACHE II score ≥29. In a prospective cohort study, including nearly 800 COPD patients treated with NIMV, Confalonieri et al identified four factors -- APACHE II score, pH, respiratory rate, and Glasgow coma score -- which when combined in a chart demonstrated a good predictive value at the baseline. These factors demonstrated an even better predictive value after 2 hours of NIMV application. If all four factors were favorable, the chance of success was 97%, whereas if all were unfavorable, failure was a virtual certainty (99%).[@b10-copd-11-1151] The present study showed that the most important indicator of the success of NIMV in COPD patients with severe acidosis was the pH level being \>7.31 after 2 hours of NIMV application.

Hospital mortality in COPD attacks shows a high rate of variability according to the patient population and the unit in which the patients are followed up. In COPD attack, the short-term cumulative incidence of all deaths in hospital mortality is 3.6%, ranging from 1.8% to 20.4%.[@b25-copd-11-1151]--[@b28-copd-11-1151] The cumulative incidence of long-term mortality is 31%, ranging from 18.8% to 45.4%.[@b27-copd-11-1151],[@b29-copd-11-1151]--[@b32-copd-11-1151] Up to 53% of the mortality rate has been reported in ARF patients followed up by mechanical ventilation in the ICU, and an 8% reduction rate was observed in patients using NIMV.[@b33-copd-11-1151] Quintana et al also found results consistent with ours in their multicenter study in which they investigated the mortality of patients presenting to the hospital with COPD attack. According to their analysis of referral pH levels of the patients, in which they took pH 7.26 as the basis value, they showed that the application pH level did not have an effect on mortality (4.4% vs 2.7%, *P*=0.32).[@b34-copd-11-1151] Our study is consistent with the literature with regard to mortality rates, with low mortality rates found in patients with severe acidosis. This may be explained by the fact that our hospital is a referral hospital, resulting in a homogeneous patient population, and the staff is more experienced. Our study showed that long-term mortality rate was higher in patients who were discharged from ICU than in patients discharged from the ward. This implies that although close follow-up is important for patients requiring NIMV, it is more important for patients who are admitted to ICU due to NIMV failure in the ward.

Confalonieri et al showed no change in the mortality rate with a reduction in the intubation rates as a result of NIMV application in the patient group with heterogeneous ARF and pneumonia.[@b35-copd-11-1151] Phua et al in a study on patients with ARF from COPD or from reasons other than COPD, where they performed NIMV, investigated the failure criteria and found that NIMV was found to be successful in patients without COPD in the presence of pneumonia, but in patients with COPD, pneumonia had no effect.[@b36-copd-11-1151] Studies related to the role of CRP, which is used as an inflammatory marker in the COPD attack, are inconsistent. Some studies and reviews compared CRP and the other markers and found that CRP was ineffective in determining the COPD exacerbation, hospitalization, treatment response, or mortality.[@b37-copd-11-1151],[@b38-copd-11-1151] Unlike these studies, however, CRP has been found to be a good indicator to show negative results (hospital death, NIMV failure, etc).[@b39-copd-11-1151]--[@b41-copd-11-1151] Moreover, in our study, the presence of pneumonia was ineffective in demonstrating the success of NIMV, whereas the high CRP level was found to be an independent factor. The homogeneity of the patient groups may have had an effect on this result.

Our study has a few limitations. First, due to the retrospective nature of the study, some data were missing. However, our results can still give valuable information. The Glasgow coma scale and the APACHE II score, which are used to determine the severity of the attack, could not be calculated due to the absence of data. Our study presents real-life experience, and these two parameters are not routinely calculated in the emergency room or ward. The infectious etiology has not been investigated and no data is available on this variable. Majority of the COPD exacerbations do not require any microbiological investigation. In addition, because this was a single-center study, the results may be better or worse for similar patients in different centers. Our results cannot be generalized for others with different conditions.

Conclusion
==========

This observational study enlightens the factors effective on COPD patients presenting with moderate (7.25\<pH≤7.30) and severe acidosis (pH≤7.25) and treated with NIMV in the real-life setting. Selected patients may be followed up with NIMV safely in experienced wards instead of close follow-up as in the ICUs. If there is no contraindication, in patients with severe acidosis, the clinical decision should be made with NIMV follow-up. Patients must be closely followed for the first 2 hours. If there is no complication for NIMV usage, most important indicator of the success of NIMV in COPD patients with severe acidosis is the pH level being \>7.31 after 2 hours of NIMV application. The ward staff who apply and follow-up NIMV also has to be experienced. The determination of the failure criteria of NIMV with the expertise of the team increases the treatment success in COPD patients presenting with severe exacerbation. Advances in technology will enable us to treat patients with more severe respiratory acidosis outside the ICU.
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###### 

Characteristics of COPD patients with ARF admitted to emergency room

  -------------------------------------------------------------------------------------------
  Variable                                        7.20≤pH≤7.25\   7.26≤pH≤7.30\   *P*-value
                                                  (n=59)          (n=171)         
  ----------------------------------------------- --------------- --------------- -----------
  Age, mean ± SD (years)                          70±10           67±11           0.12

  Female (%)                                      30.5            28.7            0.79

  BMI, median (IQR) (kg/m^2^)                     25 (23--30)     24 (20.2--30)   0.09

  Smoking history (%)                                                             

   Current                                        25.4            29.4            0.64

   Ex-smoker                                      45.8            45.3            0.80

  Systolic arterial pressure (mmHg), mean ± SD    120±23.3        130±12.4        0.33

  Diastolic arterial pressure (mmHg), mean ± SD   75±12.4         70±12.2         0.47

  Biomass (%)                                     28.8            25.3            0.33

  COPD duration, mean ± SD (years)                11±8            12±9            0.75

  LTOT (%)                                        71.2            78.4            0.27

  NIMV at home (%)                                49.2            46.8            0.75

  Comorbidities (%)                                                               

   Diabetes mellitus                              32.2            23.4            0.19

   Arrhythmia                                     6.8             5.3             0.74

   Hypertension                                   57.6            49.7            0.29

   Cardiac disease                                55.9            48.5            0.33

  Reasons of ARF (%)                                                              

   Pneumonia                                      18.6            15.2            0.13

   COPD exacerbation due to infection             78.0            82.5            0.45

   Congestive right heart failure                 3.4             2.3             0.66
  -------------------------------------------------------------------------------------------

**Notes:** Data with respect to BMI value was missing for 14 patients in group 1 and for 42 patients in group 2. COPD duration data was missing for one patient in group 2.

**Abbreviations:** ARF, acute respiratory failure; SD, standard deviation; BMI, body mass index; IQR, interquartile range; LTOT, long-term oxygen therapy; NIMV, noninvasive mechanical ventilation.

###### 

The comparison baseline results of COPD patients with acute respiratory failure at emergency room

  ------------------------------------------------------------------------------------------------------
  Variable                                           7.20≤pH≤7.25\       7.26≤pH≤7.30\       *P*-value
                                                     (n=59)              (n=171)             
  -------------------------------------------------- ------------------- ------------------- -----------
  **Baseline complete blood count, mean** ± **SD**                                           

  White blood cell (×10^9^/L)                        10,442±5,205        10,854±4,977        0.59

  Hemoglobin (g/dL)                                  13.7±2.3            13.6±2.1            1.26

  Hematocrit (%)                                     42.6±6.6            42±6.9              0.57

  Platelet count (×10^9^/L)                          242±98              264±109             0.17

  **Baseline blood biochemistry**                                                            

  Glucose (mmol/L) mean ± SD                         168±66              153±60              0.12

  Blood urea nitrogen, mean ± SD (mmol/L)            27.3±20.6           21.7±12.6           0.051

  Creatinine, median (IQR) (mg/dL)                   0.95 (0.73--1.26)   0.83 (0.72--1.03)   0.035

  Sodium, mean ± SD (mmol/L)                         139±4               138±5               0.32

  Potassium, mean ± SD (mmol/L)                      5±1                 5±1                 0.34

  Albumin, mean ± SD (g/dL)                          3.3±0.4             3.3±0.5             0.07

  **Baseline arterial blood gases**                                                          

  pH, mean ± SD                                      7.23±0.02           7.28±0.01           0.001

  PaCO~2~, mean ± SD (mmHg)                          78.09±16.47         68.28±10.14         0.001

  PaO~2~/FiO~2~, median (IQR)                        345 (225--483)      315 (230--443)      0.52
  ------------------------------------------------------------------------------------------------------

**Abbreviations:** SD, standard deviation; IQR, interquartile range; PaCO~2~, partial arterial blood carbon dioxide pressure; PaO~2~/FiO~2~, partial arterial blood oxygen pressure over inspired oxygen fractionation.

###### 

The outcome of the COPD patients with acute respiratory failure admitted to the ward from emergency room

  Variable                                           7.20≤pH≤7.25     7.26≤pH≤7.30       *P*-value
  -------------------------------------------------- ---------------- ------------------ -----------
  **Control ABG after NIMV**                                                             
  pH, mean ± SD                                      7.33±0.05        7.34±0.04          0.14
  PaCO~2~, mean ± SD (mmHg)                          58.68±13.87      58.45±11.26        0.91
  PaO~2~/FiO~2~, median (IQR)                        156 (123--189)   161 (133--211)     0.12
  **ABG on the last day of ward**                    **n**=**55**     **n**=**168**      
  pH, mean ± SD                                      7.38±0.06        7.38±0.07          0.84
  PaCO~2~, mean ± SD (mmHg)                          57.9±14.9        59.2±12.9          0.53
  PaO~2~/FiO~2~, median (IQR)                        166 (139--212)   169 (140--217)     0.78
  **Complete blood count on the last day of ward**                                       
  White blood cell, mean ± SD (×10^9^/L)             9,356±3,737      9,946±7,578        0.59
  Hematocrit, mean ± SD (%)                          40±6.5           39.5±6.5           0.63
  Platelet, mean ± SD (×10^9^/L)                     221±88           252±104            0.056
  Peak C-reactive protein, median (IQR) (mg/L)       21 (7.8--54.5)   21.8 (6.0--57.4)   0.73
  **Outcome of ward**                                                                    
  Length of ward stay, median (IQR) (days)           7 (5--8)         6 (5--9)           0.43
  Referred to ICU, n (%)                             9 (15.3)         26 (15.3)          0.99
  Hospital mortality, n (%)                          4 (6.8)          4 (2.3)            0.11
  Delta pH (control--baseline), mean ± SD            0.11±0.05        0.06±0.04          0.001

**Abbreviations:** ABG, arterial blood gas; NIMV, noninvasive mechanical ventilation; PaCO~2~, partial arterial blood carbon dioxide pressure; SD, standard deviation; PaO~2~/FiO~2~, partial arterial blood oxygen pressure over inspired oxygen fractionation; IQR, interquartile range; ICU, intensive care unit.

###### 

The comparison of ABG and blood samples according to the outcome of the patients at the ward

  Variable                                              NIMV success       NIMV failure[\*](#tfn5-copd-11-1151){ref-type="table-fn"}   *P*-value
  ----------------------------------------------------- ------------------ ----------------------------------------------------------- -----------
  Age, mean ± SD (years)                                65.86±13.17        68.38±9.69                                                  0.18
  Female (%)                                            29                 29.7                                                        0.93
  BMI, median (IQR) (kg/m^2^)                           25 (22--30)        24 (20--28)                                                 0.28
  **Reasons of ARF (%)**                                                                                                               
  Pneumonia                                             16.1               16.2                                                        0.98
  COPD exacerbation due to infection                    81.3               81.1                                                        0.97
  Congestive right heart failure                        2.6                2.7                                                         0.97
  **Baseline complete blood count, mean** ± **SD**                                                                                     
  White blood cell (×10^9^/L)                           10,826.3±5,180.2   10,343.7±4,183.8                                            0.59
  Hematocrit (%)                                        42.09±6.82         42.60±6.74                                                  0.68
  Platelet count (×10^9^/L)                             259.7±107.02       251.5±105.4                                                 0.67
  **Baseline blood biochemistry**                                                                                                      
  Blood urea nitrogen, mean ± SD (mmol/L)               22.34±14.72        27.14±17.10                                                 0.08
  Creatinine, median (IQR) (mg/dL)                      0.85 (0.73--1.1)   0.83 (0.7--1.27)                                            0.81
  Albumin, mean ± SD (g/dL)                             3.3±0.5            3.2±0.47                                                    0.33
  Peak C-reactive protein (mg/dL), median (IQR)         20.4 (6--52.4)     35.2 (15.2--64.9)                                           0.73
  **Baseline arterial blood gases**                                                                                                    
  pH, mean ± SD                                         7.27±0.027         7.26±0.03                                                   0.27
  PaCO~2~, mean ± SD (mmHg)                             69.64±12.05        76.80±14.89                                                 0.002
  PaO~2~/FiO~2~\<200, n (%)                             25 (13)            13 (35.1)                                                   0.001
  **Control ABG after NIMV**                                                                                                           
  pH, mean ± SD                                         7.35±0.04          7.31±0.04                                                   0.001
  PaCO~2~, mean ± SD (mmHg)                             56.99±11.72        66.46±9.90                                                  0.001
  PaO~2~/FiO~2~\<200, n (%)                             144 (74.6)         24 (64.9)                                                   0.22
  **Delta pH**≤**0.3 (control--baseline ABG), n (%)**   33 (17.1)          15 (40.5)                                                   0.001
  **pH**≤**7.31 at control ABG, n (%)**                 28 (14.5)          14 (37.8)                                                   0.001

**Note:**

Patients passing away at the ward or sent to ICU.

**Abbreviations:** ABG, arterial blood gas; NIMV, noninvasive mechanical ventilation; SD, standard deviation; ARF, acute respiratory failure; BMI, body mass index; IQR, interquartile range; PaCO~2~, partial arterial blood carbon dioxide pressure; PaO~2~/FiO~2~, partial arterial blood oxygen pressure over inspired oxygen fractionation; ICU, intensive care unit.

###### 

Binary logistic regression of the risk predictors for NIMV failure (sent to ICU or death) in COPD patients with ARF

  Predictors                                            Odds ratio   95% confidence interval   *P*-value
  ----------------------------------------------------- ------------ ------------------------- -----------
  pH\<7.31 on control ABG after NIMV in ER              2.84         1.09--7.39                0.032
  Delta pH\<0.30 between baseline and control           1.60         0.59--4.35                0.36
  Peak C-reactive protein                               1.02         1.01--1.00                0.016
  PaO~2~/FiO~2~ ratio \<200 on control ABG after NIMV   0.66         0.29--1.53                0.34
  PaO~2~/FiO~2~ ratio \<200 on baseline ABG at the ER   3.09         1.28--7.44                0.012

**Abbreviations:** ABG, arterial blood gas; NIMV, noninvasive mechanical ventilation; ER, emergency room; ARF, acute respiratory failure; PaO~2~/FiO~2~, partial arterial blood oxygen pressure over inspired oxygen fractionation; ICU, intensive care unit.
